Scaffold vascularization: a challenge for three-dimensional tissue engineering.
The prevalent challenge facing tissue engineering today is the lack of adequate vascularization to support the growth, function, and viability of tissue substitutes that require blood vessel supply. Researchers rely on the increasing knowledge of angiogenic and vasculogenic processes to stimulate vascular network formation within three-dimensional tissue constructs. These processes are mainly endothelial cell-regulated, although in the context of tissue engineering, specific interactions with scaffold materials, growth factors and other cell types may require in vitro vascularization schemes to be altered accordingly. To better mimic the complete in vivo environment, increasing attention is given to the integration of co-cultures and mechanical conditioning in bioreactors. Such approaches show great promise for the enhancement of the functionality and clinical applicability of tissue engineering constructs. This paper reviews some scaffold materials used in tissue engineering and the effect of their properties on the vascularization process. Also, it specifically addresses the pivotal role of biomaterials vascularization in tissue engineering applications, along with the effect of angiogenic factors and adhesive molecules on angiogenesis. Assays and markers of angiogenesis are also outlined. One section highlights the need for bioreactor cultures and mechanical conditioning in controlling endothelial cell responses. Finally, we conclude with a brief section on the effects of oxygen concentration and hypoxia over microvessel formation.